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1 
This invention relates fo gyromagnetic com- 
pass apparatus, especially for aircraft, in which 
two heading references afforded by magnetic and 
gyroscopic means, respectively, are compared or 
set one against the other to control means for 
adjusting the gyroscopic reference to corre- 
spondence with the magnetic reference. 
The invention has for an object to provide im- 
provements in such compass apparatus combin- 
ing ease of manufacture and light weight with 
accuracy in operation. 
In gyromagnetic compass apparatus accord- 
ing to the invention, electromagnetic detector 
elements define a magnetic heading reference 
by producing outputs corresponding to com- 
ponents of the earth's field along reference axes, 
said outputs are applied to sine-cosine potenti- 
ometers, which are adjusted in accordance with 
a heading reference afforded by a gyroscope, and 
the resulting outputs from said sine-cosine po- 
tentiometers are applied together to control 
means for adjusting the gyroscopic heading ref- 
erence so that when the magnetic and gyroscopic 
references diverge said means are rendered op- 
erative in the sense appropriate to bring the 
gyroscopic reference to correspondence with the 
manetic reference. 
In general two detector elements disposed 
mutually at right angles will be pendulously 
mounted as a unit for installation for use with 
said elements extending for convenience fore and 
art and transversely, respectively, of an aero- 
plane or other craft, so as to. produce outputs 
corresponding to the cosine and fo the sine, re- 
spectively, of the magnetic heading angle, and 
two corresponding sine-cosine potentiometers 
will be adjusted in accordance with the sine and 
with the cosine, respectively, of the gyroscopic 
heading angle, so that the resulting outputs from 
the potentiometers wfll correspond fo the cosine 
multiplied by the sine and to the sine multiplied 
by the cosine, respectively, of the saine angle 
when the magnetic and gyroscopic heading ref- 
erences are in correspondence. 
In order to compensate or reduce errors in the 
system, there may be produced at the detector 
elements local field components in opposition 
to the components of the earth's field along the 
magnetic heading reference axes. 
In this way, the output from the detector ele- 
ments app]ied to the sine-cosine potentiometers 
may be ruade proportional to the components of. 
the earth's field along the colTesponding refer- 
ence axes to a high degree of accuracy by feeding 
th outputs from said elements to corre- 
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2 
sponding potentiometers by way of separate 
amplifiers including phase discriminating recti- 
fier means, the direct cuitent outputs from which 
are applied to feed back coils associated with the 
5 detector elements as well as to said potentiom- 
eters, respectively, to produce at said elements 
local field components in opposition to the earth's 
field components along the magnetic heading 
reference heading axes, the feed back coils being 
l0 pref.erab]y connected in series with the sine- 
cosine potentiometers, respectively. 
Preferably, however, there are produced at the 
detector elements and in opposition to the com- 
ponents of the earth's field a]ong the reference 
15 axes local nulling field components which, when 
the gyroscopic and magnetic heading references 
correspond, are substantially equal in magnitude 
to said components of the earth's field but, other- 
wise, differ from such substantial equality to said 
20 earth's field components with divergence of. the 
gyroscopic heading reference from the magnetic 
heading reference. For producing such local 
nulling field components, cofls at the detector 
elements may be energised by one or more sine- 
25 cosine potentiometers connected with a direct 
current supply and adjusted in accordance with 
the gyroscopic heading reference fo produce the 
local nulling field components. The potentiom- 
eters receiving the outputs from the detector 
30 elements and the pick-up windings of said ele- 
ments may be used in conjunction with a direct 
current supply (e. g. that of an amplifier fo which 
the "signal" outputs of the potentiometers are 
applied together fo control the means for ad- 
35 justing the gyroscopic heading reference) to pro- 
duce the local nulling field components. Thus, 
the saine sine-cosine potentiometers may be con- 
nected with the pick-up windings of correspond- 
ing detector elements, on the one hand, and with 
40 their outputs together to control the means for 
adjusting the gyroscopic reference, and with a 
direct current supply, on the other hand, may 
have alternating current moving contacts and 
direct current moving contacts all adjusted in 
45 accordance with the gyroscopic heading refer- 
ence, and serve by virtue of said direct current 
moving contacts to energise said pick-up wind- 
ings to produce the local nulling field com- 
ponents, provision being ruade to separate the 
50 direct current and alternating current circuits. 
in such case, where two detector elements are 
disposed fore and aft and transversely, respec- 
tive]y, of an aeroplane or other craft in which the 
aparatus is installed, as set forth above, the 
55 alternating current moving contacts of the sine- 
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3 
cosine potentiometers may be adjusted in ac- 
cordance with the sine and with the cosine re- 
spectively, of the gyroscopic heading angle and 
the direct current moving contacts of said po- 
tentiometers in accordance with the cosine and 
with the sine, respectively, of said angle, said 
moving contacts being so disposed in relation to 
one another and to the windings or resistance 
elements of the potentiometers that the pick-up 
winding of the fore and art detector element ïs 
energised by direct current in accordance with 
the cosine of the gyroscopic heading angle and 
that of. the transverse element in accordance 
with the sine of said angle. 
The gyroscopic heading reference is preferably 
afforded by an azimuth gyroscope which the 
means for adjusting the gyroscopic relerence 
serve to precess in azimuth, and the sine-cosine 
potentiometers may be .directly associated with 
the gyroscope assembly for adjustment thereby. 
The sine-cosine p.otentiometers may, h0wever, 
be connected indirectly by electric means with a 
gyroscope for adjustment in accordance with the 
gyroscopic heading rifirenci. This arrangement 
is preferable where heading indications or drives 
in accordance with heading are .fo be trans- 
mitted fo subsidiary apparatus as if enables the 
transmitting means to be dissociated from the 
gyroscope, thus simp]ifying the gyroscope assem- 
bly, and still fo be operated in accordance with 
the most accurate heading reference, so that not 
only may appreciable torque be transmitted but, 
if desired, highly accurate transmitting means 
themselves, it may be, requiring considerable 
torque for their operation may be employed. 
loEoreover, the errors due to the electric means 
connecting the sine-cosine potentiometers with 
the gyroscope, fo which a heading indication 
afforded by the gyroscope will thon be subject, 
will hOt in general be disadvantageous, such gyro- 
scope heading indication remaining sufficiently 
accurate for use by a pilot, for instance. 
Instead of an azimuth gyroscope, in compass 
apparatus according to the invention, a rate-of- 
turn gyroscope and an integrating motor actuated 
in accordance with the output from a pick-off 
device associated with said rate-of-turn gyro- 
scope, may be employed to afford the gyroscopic 
heading reference, the sine-cosine potentiometers 
being connected with such integrating motor for 
adjustments thereby in accordance with the gyro- 
scopic heading reference, and the outputs from 
said potentiometers being applied together fo said 
motor, or fo an additional motor to adjust the 
gyroscopic reference, said potentiometers being 
thus adjusted in accordance with their combined 
outputs as well as in accordance with the output 
from the pick-off device associated with tho .rate- 
of-turn gyroscope. 
If will be understood that, owing to the large 
d,ip angle of the earth's field af latitudes remote 
from the equator, the magnetic heading reference 
defined by the detector elements may be substan- 
tially in error when said elements are displaced 
from the horizontal, for example due fo banked 
turns or other manoeuvres of a craft in which 
the compass is installed, with the result that the 
adjustment of the gyroscopic heading reïerence 
in accordance with the output from the sine-co- 
sine potentiometers wfll be corresponding]y in- 
correct. Such magnetic_heading error wfll be in- 
troduced by displacement of the detector oie- 
ments with reference fo a north-south axis, being 
maximum for displacement about a north-south 
axis and zero for d,isplacment oî the detector 
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elements about an east-west axis. In general, 
the maximum rate of adjustment of the gyro- 
scopic heading reference wfll be kept slow in order 
to limit the effect of such magnetic heading error. 
5 If desired, however, advantage may be taken of 
this "diçectionality" by employing an azimuth gy- 
roscope.not only to afford the gyroscopic heading 
reference but also, in accordance with the inven- 
tion which is the subject of British Patent No. 
l0 586,507, automatically fo prevent adjustment of 
said ze£erence vhen conditions are such as by 
displacement of the detector elements from the 
horizontal to cause the magnetic heading ref- 
erence tobe in error in excess of a predetermined 
15 -amount. Thus in compass apparatus according 
to the invention an azimuth gyroscope affordoEng 
the gyroscopic heading reference may have its 
spin axis ,disposed east-west when the apparatus 
is in use, so that if will be responsive fo accolera- 
9.0 tions or other conditions tending fo disçlace the 
detector elements about a north-south axis, and 
may have associated therewith means actuated 
by displacement of the spin axis relatively to 
apparent gravity and/or the gyroscope frame, 
.5 for preventing adjustment of the gyroscope head- 
ing reference. The anti-topple or levelling means 
of the gyroscope thus employed may be used to 
actuate a switch or relay, or a mercury or other 
gravity operated switch may be mounted on the 
30 inner gimbal ring of such east-west gyroscope, 
whereby when the spin axis of the gyroscope is 
displaced relatively fo apparent gravity and/or 
the gyroscope ralne by more than a predeter- 
mined amount, the means for adjusting the gyro- 
35 scopic heading reference are rendered inopera- 
rive, e. g. by the short circuiting of a coi] energi- 
sation of which .precess the gyroscope in azimuth 
to adjust said reference. 
'Compass apparatus in accordance with the in- 
40 vention is illustrated by the accompanying dia- 
grammatic drawings of which: 
Figure 1 shows schematically the essential 
components and connections of compass appa- 
ratus according fo one form of the invention and 
45 arranged for the transmission of heading indi- 
cations and/or drives in accordance with head- 
ing fo subsid, iary apparatus; and 
Figure 2 shows similarly a compass accordin 
to another ïorm of the invention. 
50 In the compass apparatus illustrated by Figure 
I, wo magnetic detector elements oï known or 
convenielqt type, indicated at   and , disposed 
mutually at riht angles are mounted pendu- 
lously in known or convenient manner (not 
5S show]) as a unit, indicated af 3 for installation 
.in an aeroplane or other craft af a position, such 
s within the tip of the wing of an aircraft, free 
from magnetic disturbance, with said elements 
  and .  extending for convenience fore and art 
0 .and transversely, respectively, of the craft. Said 
 elements   and  thus define a magnetic head- 
ing reference by producing outputs corresponding 
fo components of the earth's field along their 
axes, and which are proportional fo I-I cos e and 
6.5 fo H sin e, respectively, where H represents the 
earth's field and e the magnetic heading angle. 
The pick-up windings, indicated af 4 and 5, of 
the detector elemens ! and  are connected 
across the windings of two sine-cosine potentiom- 
ï0 .eters   and  , respectively, which are thus ener- 
gised in accordance with the cosine and with the 
sine, respeotively, of the magnetic heading angle. 
Fixed centre contacta $ and 9 of the potenti- 
ometers  and  are connected by leads  and 
75 | fo the inpt of an amplifier, indicated gon- 



erally at 22, which includes phase discriminat- 
ing means of known or convenient type (not 
shown) affording a direct current output. Radial 
moving contact arms 23 and 24 of the potenti- 
ometers {} and 7 are fast upon a common op- 5 
erating shaft 2{} which, as explained hereinafter, 
is rotated to adjust the potentiometers in ccord- 
ance with a reference heading afforded by an 
azimuth gyroscope indicated at 2{}. The con- 
tact arms 23 and 24 are disposed mutually at 10 
right angles and the windings of the potentiom- 
eters {} and 7 extend parallel with one another, 
whilst the contact arms 2 and 24 are connected 
together by a lead 28 (shown as including a di- 
rect current blocking condenser for a purpose 15 
hereinafter exploEined). Thus the outputs from 
the potentiometers {} and 7 are applied in oR- 
position to the amplifier 22 and that from the 
potentiometer  8 varies with the sine of the gyro- 
scopic headlng angle whilst that from the po- 20 
tentiometer  7 varies with the cosine of said angle. 
Said outputs can be represented by 
K1H cos e sin A 
and KH sin e cos A, where K1 and K are con- 25 
stants dependent on the characteristics of the 
tector elements   and f2 and of the potentiom- 
eters  {} and  7 respectively, and A represents the 
gyroscopic heading angle. In practice K1 is ruade 
substantially equal to K and the lnput to the 30 
amplifier 22 can then be represented by 
K sin 
The azimuth gyroscope 2{} has assocated there- 
with a transmitting autosyn, indicated at 27, 35 
which is adjusted thereby in accordance with the 
gyroscope azimuthal position and is connected by 
leads 29 with a receiving autosyn 3{} on the shaft 
2{}, the output from the autosyn 3{} being applled 
via an amplifier, indicated af 3, to supply one 40 
phase of a two phase induction motor, indicated 
at 2, serving as a follow-up motor which 
coupled to the shaft 2{} for adjusting the autosyn 
} to null positions and so rotating the shaft 
and adjusting the potentiometers 8 and 7 in 45 
accordance with the gyroscopic heading reference. 
The other phase of the motor 32 is constantly 
excited via leads not shown. 
The direct current output from the .amplifier 
22, which corresponds in polarity and magnitude 50 
fo the input thereto from the potentiometers 
and 7, is fed via leads 33 and 34 to energise a 
precessing coil, indicated at 3{}, mounted on the 
vertical gimbal ring (hOt shown) of the gyroscope 
2{} and a coil {}, connected in series with the pre- 
cessing coil 3{}, of an indicator device indicated 
generally at 37. The coil 3{} serves in conjunctlon 
with two arcuate permanent magnets 38 and 
mounted on the inner gimbal ring, indicated at 
4{}, with like peles adjacent, to apply torque fo 
said inner ring 4{} so as to precess the gyroscope 
.{} in azimuth-and thus adjust the gyroscopic 
heading reference. The indicator device 37 com- 
prises a permanent magnet 4 , pivotally mounted 
remote from one end which latter extends be- 
tween pole pieces indicated at 42 of the coil 
and a pointer 43 carried by said magnet 4 and 
thereby moved over a scale 44 in accordance With 
the output from the amplifier 22, thus affording 
an indication as to whether, in what sense and 
to what extent the gyroscopic heading reference 
diverges from the magnetic heading reference 
deflned by the detector elements   and 
It will be understood that the apparatus 
scribed will be subject to errors due to any non- 75 
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linearity of the output-fleld characteristics of the 
detector elements employed and by the outputs 
from the sine-cosine potentiometers not being exee 
actly in phase so that they will hot balance to a 
good null and the output from the amplifier will 
therefore hot be zero when the gyroscopic and 
magnetic references correspond. 
Figure  shows how by very simple means such 
errors may be minimised and a high degree of 
accuracy obtained by producing at the detector 
elements and in opposition to the components 
(H cos e and H sin e) of the earth's fleld along 
their axes local nulling fleld components which, 
when the gyroscopic and magnetic heading ref- 
erences correspond, are substantially equal to said 
components of the earth's fleld but, otherwise, 
differ from such substantial equality to said 
earth's fleld components with divergence of the 
gyroscopic heading reference from the magnetic 
heading reference. 
For this purpose, the direct current supply, in- 
dicated by ÷ and -- leads 4§ and 4{}, of the am- 
plifier 22 is connected with the flxed contacts 8 
and $ of the sine-cosine potentiometers {} and 
7, the input to said amplifier 22 being isolated 
from the direct current supply by an input trans- 
former 47, through the primary winding of which 
the lead 4{} is connected with the potentiometer 
contact $ and a direct current blocking con- 
denser 48, through which said primary winding 
is connected with the potentiometer contact . 
The potentiometers {} and 7 are provided with 
addttional "direct current" moving contact arms 
49 .and {} fast on the shaft 2{} and disposed mu- 
tually at right angles and at right angles also to 
the "signal" contact arms 23 and 24 The above- 
mentloned blocking condenser included in the 
lead 28 joining the contact arms 2 and 24 and 
a choke cofl {} tuned by a condenser {}2 included 
in a lead {}3 joining the direct current contact 
arms 45 and {}{}, serve to separate the alternating 
signal current and direct nulling current circuits. 
It will be seen that the potentiometer 8 and, 
therefore, the pick-up coil 4 of the fore and art 
detector element will be energised by direct cur- 
rent corresponding to the cosine of the gyroscopic 
heading angle and the potentiometer 7 and 
transverse pick-up coil § according to the sine 
of the gyroscopic heading angle, and that there 
will thus be produced along the axes of the de- 
tector elements local nulling fleld components 
which may be represented by 
X cos A and X sin A 
where A represents the gYroscopic heading angle 
and X and X are constants of proportionality 
of the nulling field components to cos A and sin A, 
respoctively. In this way there are produced 
along the axes of the detector elements  ! and  2 
residual flelds which can be represented by 
H cos e--X cos A and H sin e--X sin A, and 
which can be ruade substantially zero when the 
magnetic and gyroscopic heading references cor- 
respond 
When such local nulling fields are thus em- 
ployed there will be obtained from the sine-cosine 
potentiometers 8 and 7 outputs which can be 
represented by KI(H cos e--X1 cos A) sin A and 
K(H sin e--Xe sln A) cos A. 
The constants X and X can be adjusted fo 
equallty by a variable resistance (shunted by a 
by-pass condenser) connected in series with the 
pick-up wlnding of one detector element and the 
corresponding potentiometer, as indicated at {}4 
and the constants K and I can be adjusted 
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similarly by a resista.nce 55 (with no by-pass con- 
lenser) connected in series with a detector ele- 
ment pick-up winding. 
The production of local nulling field com- 
ponents at the detector elements as set forth does 
hot reduce the overall sensitivity, reduces errors 
due fo any lack of equality between the constants 
K. and K according fo the characteristics of 
the detector elements and the associated 
entiometers, by a factor depending upon the 
equa]ity of the local nulling field X fo the earth's 
field H (additional error due fo inequality be- 
tween the constants XI and X2 being reducib!e fo 
negligible value) and, in view of the weak residual 
fields enab!es the detector elements fo be ruade 
very sensitive without regard fo considerations 
of linearity. 
To compensate for the variation in magnitude 
of the earth's field ai different regions of the 
earth's surface, in the apparatus described, a 
variable resistance, indicated ai 56, having three 
adjustments, for example, marked "tropical," 
"temperate" and "polar," is included in one di- 
rect current supply lead to the potentiometers 
|6 and 
In the apparatus described the saine sine- 
cosine potentiometers are employed, as is very 
convenient, to produce the local nulling field 
components as well as to control the means for 
adjusting the gyroscopic heading reference. It 
will be apparent, however, that a single addi- 
tional sinecosine potentiometer with two movin 
contacts set mutually ai right angles, or two ad- 
ditional sine-cosine potentiometers with their 
resistance elements and moving contacts ap- 
propriately disposed or set, may be employed in- 
stead in conjunction with a source of direct cur- 
rent fo energise the -pick-up windings or addi- 
tional windings or coils associated with the de- 
tector elements to produce the local nulling field 
components, such additional potentiometers be- 
ing coupled fo the shaft 5 for adjustment in ac- 
cordance with the gyroscopic heading reference. 
Whether or not such local nulling field com- 
ponents are provided, the common operating 
shaft  bas directly coupled theïewith a "mas- 
ter" heading indicator indicated at 51 and also 
one or more devices, indicated ai 5, of lnown 
or convenient type for transmitting heading in- 
dications and/or affording drives in accordance 
with such indications fo subsidiary apparatus 
(not shown) such as compass "repeaters" and/or 
dead reckoning navigation apparatus. Said 
shaft and associated components may be incor- 
porated in a "toaster indicator" ïndicator Init, 
for location for example ai a uavigator's station, 
with which such subsidiary apparatus is con- 
nected, or in some cases may be built into a sub- 
sidiary apparatus unit. 
Connections of the detector elements !  and ! 
for excitation, and of the amplifier  and auto- 
syn I, for supply and excitation, from a common 
alternatlng current source are indicated by XX. 
If will be apparent that the sine-cosine po- 
tentiometers 6 and I (together with any addi- 
tional potentiometer or potentiometers for nulling 
fields) can in some cases be associated wlth the 
gyroscope 6 for adjustment directly thereby, 
but the arrangement described above is prefer- 
able where subsidiary apparatus is used in con- 
junction with the compass because if enables 
transmitting means for such subsidiary appara- 
tus fo be dissociated from the gyroscope and yet 
fo be operated in accordance with the most accu- 
rate heading reference and thus not only may 
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considerable torque be transmited, but very ac- 
curate ransmiing means themselves requiring 
appreciable torque for their operation may be 
employed. A]so, the gyroscope assembly is sim- 
$ plified and the gyroscope performance impaired 
to a minimum extent. Errors due to electric 
(autosyn or other) means connecting the gyro- 
scope to the sine-cosine potentiometers, will 
pear at the-gyroscope but this will not, in gen- 
eral, be disadvantageous because extreme accu- 
racy of indication ai the gyroscope is usually not 
reqtfired for instance by a pilot. 
The compass apparatus oï Figure 2 bas sine- 
cosine potentiometers 151 and I directly as- 
sociated with an azimuth gyroscope indicated at 
I{} ïor adjustment in accordance with the gyro- 
scopic heading reference. The detector ele- 
ments, indicated separately ai I and I6, but 
which actually are mounted as a pendulous unit 
ïor installa%ion with the element I}4 fore and art 
and the other transversely of a craft as in the 
case of Figure i, bave their pick-up windings, 
indicated ai I{}6 and I{}I, connected with the 
inputs of amplifiers, indicated at I6 and 
respectively, which include phase discriminating 
rectifier means (not shown) of known or con- 
venient type and afford direct current outputs 
correspondin in magnitude and polarity fo the 
magnitude and phase of the inputs applied there- 
30 fo from the pick-up windings 5 and II, re- 
spectively. The pick-up windings 10G and 
are surrounded by concentric ïeed back coils, 
indicated at I{} and III, respectively, which are 
connected in series with the corresponding po- 
35 tentiometers 161 and } and the outputs oï the 
corresponding amplifiers I{6 and 95. The direct 
current outputs from said amplifiers 108 and 
are thus applied fo the corresponding feed back 
coils  I } and I  , as 'well as to the correspondin 
4o potentiometers {} and {}, in such sense as fo 
produce ai said elements I{} and I0 local field 
components in opposition fo the components of 
the earth's field along the axes of the elements 
I{}4 and 155. In this way the energisation of the 
4 ïeed back coils I I} and II by the detector ele- 
ments I and 5 can be ruade proportional to 
the components of the earth's field along the axes 
of the detector elements I{} and I3 to a high 
degree of accuracy. In practice if is found suf- 
50 ficient to produce by the feed back coil    a looal 
opposiug field corresponding fo 
29 
H cos 0 
55 so that the residual field at the detector element 
1{]4 will correspond to 
0 H cos 0 
60 and similarly for the transverse element } fo 
produce a residual field corresponding fo 
0 H sin 0 
65 The actual voltages applied to the sine-cosine 
potentiometers 6! and H}2 may be represented 
by KI-I cos  and KI-I sin, respectively, where 
K is a constant depending on the design of the 
feed back coils and the sensitivity and gain of 
7O the corresponding detector elements  and 
and amplifiers 166 and 109, which in Practice 
can be ruade the same in the two circuits. 
The potentiometers  [}  and  )2 have radial 
contact arms ff2 and f, indicated as fast on 
 a common operating shaft I1, which are dis- 
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9 
10osed mutually at right angles to one another, 
and the out10uts from the 10otentiometers are 
taken from between said contact arms  2 and 
  3 and further contact arms   5 and  !5 dis- 
10osed diametrically o1010osite thereto, res10ec- 
tively. The contact arms 12 and 3 are con- 
nected with the in10ut of a direct current am- 
plifier, indicated at 7, and the contact arms 
5 and 6 are connected together so that the 
out10uts from the 10otentiometers  0  and  02 
are a10101ied in o1010osition fo the am101ifier 7. 
By the employment of the additional contact 
arms 5 and 5 the out10uts from the poten- 
tiometers  0  and  02 are doub!e what they would 
be if said arms 5 and 5 were not used and 
central fixed contacts of said 10otentiometers 0 
and 02 connected together as indicated by 
broken lines at 8 and 9 were used instead. 
As in the case of Figure 1 the out10ut from the 
am101ifier , fo which the out10uts from the 
sine-cosine 10otentiometers are ap101ied in o10po- 
sition, is connected fo. energise a 10recessing coil, 
indicated ai 20, on the gyrosco10e 03 fo 10recess 
the latter in azimuth and so adjust the gyro- 
sco10ic heading reference in accordance with 
said o1010osed 10otentiometer out10uts. Also al- 
though hot shown in Figure 9, an indicator de- 
vice similar fo that shown af 3 of Figure 1 is 
10referably 10rovided. 
If will be a10parent that, if desired, the gyro- 
scope 03 may be se10arated from the sine-cosine 
10otentiometers  0  and  52 and connected by 
electric means fo adjust them as in the case of 
Figure 1. 
As the out10uts from the sine-cosine 10otentiom- 
eters in the case of Figure 2, or in the case of 
Figure 1 if the means described .for 10roducing 
local nulling field com10onents are omitted, will 
be large, a correspondingly large reference volt- 
age will be needed for the 10hase discriminating 
rectifier means em101oyed. If is desirable, there- 
fore, in such cases, that the detector elements 
excitation current should bave a direct current 
com10onent and a relatively small alternating 
current com10onent such that the res10onse of 
said elements is sup10ressed at alternate hall 
cycles and out10uts are obtained therefrom at 
the excitation frequency af which a substantial 
reîerence voltage may more conveniently be ob- 
tained than at the second harmonic frequency. 
Excitation by alternating current only in the 
case of Figure 1 where local nulling field com- 
10onents are 10roduced is sim101er and is 10refer- 
.ably em101oyed as the relatively small reference 
voltage at twice the excitation frequency then 
required may riadily be obtained, e. l. across a 
resistance included in the negative lead from 
a full wave rectifier fo the smoothing circuit of 
.the direct current high tension su10101y of the 
am101ifier. 
In com10ass a1010aratus according fo the in- 
vention the maximum rate at which the gyro- 
sco10ic heading is adjusted will, in Eeneral, be 
limited by a1010ro10riate design of the com10onents 
involved, e. g. of the gTcresco10e 10recessing means, 
in order to reduce the effect of magnetic head- 
ing reference errors caused by dis101acement of 
the detector elements from the horizontal for 
exam101e durinu banked turns or other manoeu- 
vres of a craft in which the a1010aratus is in- 
stalled. Such errors may well be considerable, 
for exam101e, in Euro10e or North America where 
.the magnetic dit0 angle is great and, as stated 
above, .will be introduced.by dis101acement of the 
deector elements..with reference/fo a north- 
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south axis, being maximum for dis101acement 
about a north-south axis and zero for dis101ace- 
ment about an east-west axis. Where an azi- 
muth gyrosco10e is em101oyed fo afford the gyro- 
5 sco10ic heading reference, therefore, and in ac- 
cordance with the invention which is the sub- 
ject of British Patent No. 586,507, advantage, 
may be taken of this "directionality" by em- 
101oying the saine gyrosco10e fo 10revent adjust- 
10 ment of the gyrosco10ic heading reference when 
conditions are such as to cause he magnetic 
heading reference fo be in error in excess of a 
10redetermined limit. For exam101e, in the com- 
10ass a1010aratus described above with reference 
15 fo Figures 1 and 2, the azimuth gYrosco10e 25 or 
03 may be arranged so that ifs s10in axis lies 
east-west when the com10ass is in use, so that 
if will be res10onsive fo accelerations or other 
conditions tending fo displace the detector ele- 
20 ments about a north-south axis and have 
mounted on ifs inner gimbal ring a gravity o10- 
erated switch, indicated in the drawings as a 
mercury switch 200, whereby the 10recessing coil 
35 or 120 of the gyrosco10e 26 or 103 will be short 
25 circuited when acceleration forces dis101ace the 
a1010arent vertical in relation fo a north-south 
axis through more than a 10redetermined angle, 
say three degrees. The use of a gravity swith 
is 10referable for this 10ur10ose but, if desired, a 
30 swith actuated by relative movement, about a 
north-south axis, of the east-west s10in axis and 
the frame of a gyrosco10e may be em101oyed in- 
stead. Alternatively, the anti-to10101e or levelling 
means (hOt shown) of the azimuth gyrosco10e 
35 may be used fo actuate a switch or a relay sen- 
sitive fo current in electric anti-to10101e means 
to 10revent adjustment of the gyrosco10ic heading 
reference whenever the east-west gyrosco10e 
s10in axis is dis101aced relatively fo a1010arent 
40 gravity and/or fo the gyrosco10e frame by more 
than a 10redetermined amount. 
In all cases, the stator of the sine-cosine 100- 
tentiometers, i. e. the windings or resistance ele- 
ments thereof as shown in the drawings, may 
45 be rotatable at will for variation setting. The 
resistance elements of the sine-cosine 10otentiom- 
eters shown in Figures 1 and 9, of the drawings 
com10rise each a single closely wound layer of 
resistance wire on a rhin substantially square 
50 former, but if will be understood that any an- 
gularly adjustable 10otentiometer arrangements 
giving out10uts substantially 10ro10ortional to the 
sine or cosine of the adjustment angle may be 
em101oyed in gyromagnetic com10ass a1010aratus 
55 according to the invention. 
We claire: 
1. Oyromagnetic com10ass a1010aratus com10ris- 
ing a 101urality of electro-magnetic detector ele- 
ments for generating oscillatory electrical out- 
60 10uts corres10onding to com10onents of the earth's 
field along different reference ax.es res10ectively, 
said out10uts defining a magnetic heading refer- 
ence, two sine-cosine resolver devices each hav- 
ing in10ut terminals, out10ut terminals, and rotat- 
65 able adjusting means for adjusting said device fo 
10roduce af said output terminals an out10ut elec- 
trical variation substantially pro10ortional fo the 
10roduct of an in10ut electrical variation a10plied 
to said in10ut terminals and the sine of angular 
70 dis101acements of said adjusting means, means 
for applying said oscillatory electrical out10uts re- 
s10ectively fo said in10ut terminals of said devices 
fo generate af said out10ut terminals voltages 
whose am101itudes vary with the sine and cosine 
75 res10ectively of dis101aements of said adjusting 



ineans, gyroscope means fo affod-a gyrosCopic 
heading reference, means fo combine said volt- 
ages fo generate a control voltage dependent 
uRon the difference between said magnetic and 
gyroscopic heading references, means responsive 
to changes in said gyroscopic heading reference 
to apply adJusting torque to said adjusting means 
and rneans to apRty said control voltage to modi- 
fy said torque in a sense to reduce said differ- 
ence. 
2. Gyromagnetic compass aRparatus compris- 
ing a pturality of electro-magnetic detector oie- 
ments for generating oscfllatory electriCat out- 
purs cor#esRonding to components of thë earth's 
fleld along different reference axes resRectivety, 
said outputs deflning a magnétic heading refer- 
ence, tvo sine-cosine resolver devices each hav- 
ing input terminals, output terminals, and rotat- 
able adjusting means for adjusting said device, 
means for aRplying said oscillatory electrical out- 
purs resPectively to said input terminals of said 
devices to generate at said output terminals volt- 
ages whose amplitudes vary with the sine and co- 
sine respectively of displacements of said adjust- 
ing means, gyroscope means fo afford a gyroscoR- 
ic heading reference, means to combine said vott- 
ages fo generate a controt voltage dependent 
uRon the difference between said magnetic and 
gyroscoRic heading references, means resRonsive 
to chaz/gês in said gyroscoRic heading zeference 
fo apRly adjusting torque to said adjusting means 
and means to apRly said Controt Voltage to mod- 
ify said torque in a sense fo reduce said differ- 
ence. 
3. Gyroma'netic compass apRaratus compris- 
ing tv 0 .electro-magnetic detector elements for 
generating oscfltatmoE electricat outputs Of the 
saine frequency and phase and of amplitude cor- 
resRonding resRectivety to the cosine and sine of 
a magnetic heading angle, two sine-cosine re- 
solver devices each having inRut terminals, out- 
Ruç terminals, and rotatabte adjusting means 
for adjusting Said device, means for applying 
said oscfllatory electricat outputs resRectively to 
said input terminals of said devïces to generate 
at said outRut erminats voltages whose amRli- 
tudes vary with the Sine and cosine respectively 
of displacements of sai d adjusting.means, a gyro- 
score fo afford a gyroscopic heading reference, 
means fo actuating said adjusting means in ac- 
cordance with said gyroscopic heading reference, 
heading control means for adjusting said gyro- 
scopic headi/g reference, means c0mbining said 
voltages to RToduce a direct Outrent varying in 
intensity and sign in accordance wih the differ- 
once between said voltages and hence with the 
relative disptacement of the said gyroscopic 
heading reference from the said magnetic head- 
ing angle and means for apRtying said direct 
current to said heading control means to bring 
said gyroscoPic heading reference into substan- 
tial correspondence with said magnetic heading 
angle. 
4. Gyromagnetic comRass aRparatus compris- 
ing two electro-magnetic detector elements for 
generating two osciltatory etectricat outputs of 
the saine frequency and phase and having am- 
plitudes corresRonding respectively to the cosine 
and sine of a magnetic heading angle, two sine- 
cosine resotver devices each having input termi- 
nals, outRut terminals, and rotatable adjusting 
means for adjt/sting said device, means for ap- 
plying said oscfltatory electricat outputs resRec- 
tivety to said input terminats of said devices to 
generate at said output terminalsvoltags Whoé 

amplitudes vary with the ine and cosine rëspec- 
tively of displacements of said adjusting means, 
a gyroscoRe fo afford a gyroscoRic heading ref- 
erence, means for actuating said adjusting means 
 in accordance %vith Said gyrosCopic heading fer- 
ez'once, heading conti'ol means for adjusting said 
gyroscoRic heading reference, means fo c6mbine 
said vottages to generate a controt voltage d- 
pendent uRon the difference betveen said mag- 
10 netic and gyroscopic heading references, means 
to aRRly said control voltage to said heading con- 
trol means fo bring said gyroscoRic heading ïef- 
erence into substantial corresRondence with said 
magnetic headin reference, and error-reducing 
1 means ïor generating at each of said detector ele- 
ments a local magnetic field comRonent in oppo- 
sition to the component of the earth's magnetic 
field at said element. 
5. Gyromagnetic comRass apparatus according 
20 fo clair 4, vherein gaid error-reducing means 
comprise two anplifiers, each inctuding phase- 
disc'iminating means, connected respectively to 
amRlify and derive compensating direct currents 
ïrom oscillations from said detector elements, a 
25 feed-back winding on each of said detector ele- 
ments, and means for feeding said compensating 
direct currents to said feed-back windings. 
6. Gyromagnetic compass apparatus according 
to claim 5, wherein said devices are constituted 
S0 by potentiometer devices and wherein said feed- 
back windings are connected in series with said 
potentiometer devices respectivety. 
7. Gyromagnetic compass apparatus acc0rding 
to claire 4, wherein said error-reducin means 
5 comprise windings assOciated with said detector 
elements respectively, at teast one sine-cosine 
potentiometer device, adjusting means for this 
potentiometer device, means for actuating the 
last-named adjusting means in accordance With 
4o said gyroscopic heading reïerence, a source Of di- 
rect current and means for applying current 
from said source controlled by said potentïom 
etér device to said windings. 
8. Gyromagntic compass apparatus compris- 
45 ing two electro-magnetic detector elements for 
generating, in pick-up windings thereof,.oscfl- 
latory etectricat 9utputs of the same freqUeny 
and phase and of amplitude comesponding re- 
spectivety fo the bosine and sine of a magnetiC 
50 hëading angle, two sine-cosine potentiornetm, de- 
vïces each having inpUt and output terminats, a 
direct current and an alternating current con- 
tact on each of said dévices, Connections b'etween 
the di»ect current and alternating current con- 
55 tacts of one of sid devices and the direct cur- 
rent and atternating current contacts respec- 
tively of the other of said deviCes, safd Connec- 
tions between said direct current and saïd .alter- 
natfl%g current contacts presenting subsantiat 
60 impedance to the alternating and direct urrents 
in such connections respectively, dirëct Current 
supply means connected to pass sùppl:y «current 
through said pick-up windings and said pOten- 
tiometer devicés, rneans-for applying said oscil- 
65 lat0ry etectric 0tïtputs fo said input tèrmïnals of 
Said potentiometer devices respectively o gener 
 are at said output terminals voltages Wh6se am- 
plitudes vary with the sine and csine respec- 
tively of displaements of aid djùsting means, 
70 a gyroscope fo affòrd a gyroscopic heading refer- 
ence, actuating nïeans for 'actuafing said con- 
tacts in accordance with sCd :gyroicopic heading 
reference, headin Control rneans -for adjustin 
said gyroscopic hèading :reference, rnens to corn-- 
75 bne Said voltages fo generte a Control voltage 
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dependent upon the difference between said mag- 
netic and gyroscopic heading references, means 
to apply said control voltage fo said heading con- 
trol means fo bring said gyroscopic heading ref- 
erence into substantial correspondence with said 
magnetic heading reference. 
9. Gyromagnetic compass apparatus according 
to claire 8, wherein said direct current and alter- 
nating current contacts on each said potentiom- 
eter device are mutually perpendicular. 
10. Gyromagnetic compass apparatus accord- 
ing to claire 9, wherein said actuating means are 
constituted fo actuate said alternating current 
contacts in accordance with the sine and cosine 
respectively of said gyroscopic heading reference 
and to actuate said direct current contacts in 
accordance with the cosine and sine respectively 
of said gyroscopic heading reference. 
11. Gyromagnetic compass apparatus compris- 
ing two electromagnetic detector elements for 
generating oscfllatory electrical outputs of the 
saine frequency and phase and of amplitudes 
corresponding respectively fo the cosine and sine 
of a magnetic heading angle, two sine-cosine re- 
solver devices each having input terminals, out- 
put terminals, and rotatable adjusting means for 
adjusting said devices, means for applying said 
oscfllatory electrical outputs respectively fo said 
resolver devices fo geneiate at said output ter- 
minals voltages whose amplitudes vary with the 
sine and cosine respectively of displacements of 
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said adjusting means, a gyroscope fo afford a 
gyroscopic heading reference, means to combine 
said voltages to generate a control voltage de- 
pendent upon the difference between said mag- 
netic and gyroscopic heading references, means 
responsive fo changes in said gyroscopic heading 
reference fo apply adjusting torque to said ad- 
justing means and means fo apply said control 
voltage to modify said torque in a sense fo reduce 
said difference. 
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